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The present study manipulated the number of responses in a modified fixed-interval
schedule by imposing a blackout after each unreinforced response during the interval.
The blackout duration was varied, and the duration of the fixed interval was held con-
stant. The subjects were initially exposed to a fixed-interval 300-sec schedule. Blackout
durations of 0, 10, and 50 sec were used. Following this, a fixed-interval 30-sec schedule
was used with blackout durations of 0, 1, and 5 sec. Under the fixed-interval 300-sec
schedule, the number of interreinforcement responses varied over a wider range than
occurred under the fixed-interval 30-sec schedule. The duration of the postreinforcement
pause decreased as blackout durations were increased and number of responses decreased
on the fixed-interval 300-sec schedule, but pause length did not vary with changes in
blackout duration and number of responses for the fixed-interval 30-sec schedule. The
differences in the effects of blackout duration and response manipulation on the two
fixed-interval schedules were attributed to relatively greater changes in the number of
interreinforcement responses for the fixed-interval 300-sec schedule.
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Pause length has been extensively studied in
both fixed-ratio (FR) and fixed-interval (FI)
schedules. In FR schedules, it has been shown
that the length of the postreinforcement pause
increases as the ratio requirement increases
(Felton & Lyon, 1966; Powell, 1968). In Fl
schedules, the postreinforcement pause has
been shown to increase with increases in the
length of the interval (Schneider, 1969; Shull,
1971). In an FR schedule, increasing the re-
sponse requirement increases the length of the
interreinforcement interval (Crossman, Heaps,
Nunes, & Alferink, 1974). Similarly, increasing
the interval of an Fl schedule may increase
interreinforcement responses.

Several investigators have attempted to sep-
arate the number of interreinforcement re-
sponses from the effects of the length of the
interreinforcement interval (IRI). Neuringer
and Schneider (1968) found that the number
of interreinforcement responses could be lim-
ited on an Fl 30-sec schedule if a blackout
were imposed after each unreinforced response
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help in preparing the manuscript. Reprints may be
obtained from Dennis L. Nunes, Department of Psy-
chology, St. Cloud State University, St. Cloud, Minne-
sota 56301.

during the interval. Similarly, they found that
they could increase the length of the IRI on
an FR-15 schedule by varying the duration of
a blackout imposed after each unreinforced
response in the ratio. Thus, in the interval
schedule, they indirectly decreased the num-
ber of interreinforcement responses by increas-
ing the length of the blackout while holding
the IRI constant. On the ratio schedule, they
held the number of responses constant but in-
creased the IRI by increasing the duration of
the blackout. They found that increasing the
blackout duration increased the length of the
postreinforcement pause on the FR schedule
but had no effect on the postreinforcement
pause for the Fl schedule. Therefore, they con-
cluded that pause length was a function of the
duration of the IRI and not of the number of
interreinforcement responses.
Crossman et al. (1974) questioned the con-

clusion that pause length was not influenced
by the number of interreinforcement responses
in ratio schedules. In this study, a simple FR
component alternated in a multiple schedule
with a component consisting of two responses
separated by a blackout. The blackout termi-
nated when the sum of the blackout duration
plus the length of the pause that preceded it
equaled the IRI of the preceding FR compo-
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nent. Thus, the IRIs for the two components
were approximately equated while the number
of responses differed. Typically, pauses were
longer in the FR component than in the com-
ponent with two responses separated by the
blackout. In addition, the difference between
these pause lengths increased as the difference
between the response requirements increased.
While these investigators confirmed findings
that pause length was related to the IRI, the
number of interreinforcement responses was
also important in determining pause length.
One possible explanation for these discrep-

ant findings is that Neuringer and Schneider
(1968) selected a relatively short FI in which
the average number of interreinforcement re-
sponses varied only from approximately 19 to
3 responses as they increased the blackout. In
their 1974 study, Crossman et al. found little
difference in pause length when they equated
the IRIs for an FR-25 component with a com-
ponent requiring two responses separated by a
blackout. Differences in pause length became
pronounced only when the response require-
ment in the FR component was raised to 50.
This suggests that Neuringer and Schneider
might have found different results had they
used a longer Fl, which would have permitted
them to vary the number of responses over a
wider range. The purpose of the present study
was to investigate the possibility that number
of responses can be an important variable in
determining pause length in longer interval
schedules where number of responses could be
manipulated over a relatively large range.
Clarifying the role of number of responses
could have considerable importance for the
theory of Fl responding.

METHOD
Subjects
Three White King Pigeons served. During

the experiment, the subjects were maintained
at approximately 80% of their free-feeding
weights. Water was available at all times in
the home cage. Each subject had previous ex-
perience on Fl and variable-interval schedules.
The age and sex of each subject was undeter-
mined.

Apparatus
The experiment was conducted in a stan-

dard three-key pigeon chamber (Lehigh Val-
ley). The center key was transilluminated by

a white light. The remaining two keys were
not used and remained dark. A minimum force
of about .15 N was required for operation of
the key. The reinforcer was two 45-mg pigeon
pellets delivered by a pellet dispenser to an
aperture centered below the middle key. A
white light illuminated the aperture during
the delivery of the food pellets. A sound-at-
tenuating housing and ventilating fan served
to mask extraneous stimuli. No houselight was
used. The experiment was controlled and data
were recorded by electromechanical equip-
ment. A Digital Equipment Corporation PDP-
8 computer recorded postreinforcement pauses.

Procedure
Because the subjects had previous experi-

ence on Fl schedules, they were immediately
exposed to an Fl 300-sec schedule. Each un-
reinforced response during the interval pro-
duced a blackout during which the key light
was turned off. This blackout was fixed in
duration except that if the fixed interval
elapsed during a blackout, the blackout was
immediately terminated and the next response
was reinforced. The reinforced response was
not followed by a blackout. Because the sub-
jects seldom responded during the blackouts,
the effect of the blackouts was to limit the
maximum number of responses which could
be emitted during the interval without affect-
ing the length of the interval itself. The black-
out durations and the sequence in which they
occurred were 50, 0, 10, and 50 sec.

Following completion of the sequence of
blackout values, the length of the interval was
changed from Fl 300 sec to Fl 30 sec. The
length of the blackouts relative to the dura-
tion of the interval was the same as was used
with Fl 300 sec. Thus, blackouts of 5, 0, 1, and
5 sec were used with the Fl 30-sec schedule.
Each blackout duration remained in effect

for a minimum of 30 sessions and until the
behavior met the following stability criterion.
Median postreinforcement pauses were com-
puted separately for each bird for each session.
The behavior was judged stable when five con-
secutive medians showed no consistent increase
or decrease. A condition was maintained for
all birds until each bird met the criterion. The
number of sessions each condition remained
in effect is shown in Table 1. The session
lengtlh was fixed at 50 reinforcers; sessions
were conducted seven days a week.
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Table 1

Number of Sessions per Condition

Number of
Condition Sessions

Fl 300 sec blackout 50 sec 55
Fl 300 sec blackout 0 sec 30
Fl 300 sec blackout 10 sec 31
FI 300 sec blackout 50 sec 33
Fl 30 sec blackout 5 sec 58
Fl 30 sec blackout 0 sec 30
Fl 30 sec blackout 1 sec 30
FI 30 sec blackout 5 sec 31

RESULTS

The length of the postreinforcement pause
on the Fl 300-sec schedule is shown in Fig-
ure 1 as a function of blackout duration for
all three subjects. As blackout duration in-
creased, the length of the postreinforcement
pause consistently decreased for all subjects.
The longer the blackout, the shorter was the
length of the pause, including recovery points.

Also in Figure 1, the length of the post-
reinforcement pause is shown as a function
of blackout duration for the Fl 30-sec sched-
ule. Under this schedule, changes in the black-
out duration had no effect on pause length.
This was found even though blackout dura-
tions were selected so that the duration of the
blackout relative to the length of the Fl was
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the same for both the Fl 30-sec and Fl 300-
sec schedules. The length of the pause was
shorter under the Fl 30-sec than under the
Fl 300-sec schedule for all blackout durations.

In Figure 2, the effect of the duration of the
blackout on the number of responses emitted
during the FIs is shown. Since few responses
were made during the blackouts, these re-
sponses are included in the data which are
presented. On the Fl 300 sec, the subjects
averaged from 78 to 182 responses per interval
with no blackout to approximately 5 responses
per interval with a blackout of 50 sec. On the
Fl 30 sec, the subjects averaged 14 to 21 re-
sponses per interval with no blackout but only
2 to 3 responses per interval occurred with a
5-sec blackout. For both Fl 30 and Fl 300 sec,
the number of responses decreased with in-
creases in the duration of the blackout. The
effect on number of responses by imposing a
short blackout (1 or 10 sec) was greater than
the effect of making that blackout duration
five times longer (5 or 50 sec).

DISCUSSION
Based on their data obtained by varying

blackout duration in an Fl schedule, Neur-
inger and Schneider (1968) suggested that
the length of the postreinforcement pause is
independent of the number of interreinforce-
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Fig. 1. The length of the postreinforcement pause on the FI 300-sec and FI 30-sec schedules as a func-

tion of blackout duration for all three subjects. Only points in the ascending series are connected. The data
represent the means for the last five sessions. The vertical lines depict the range around each datum point.
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Fig. 2. The number of responses per interval as a function of blackout duration for all three subjects on

the Fl 300-sec and Fl 30-sec schedules. Only points in the ascending series are connected. The data represent
means for the last five sessions. Responses during blackout are included in these data. Vertical lines depict the
range around each datum point.

ment responses. This conclusion was ques-
tioned by Crossman et al. (1974). The differ-
ences in the conclusions of these investigators
is not easily accounted for. One possibility is
that the differences were due to procedural
variations in the use of the blackout. Neur-
inger and Schneider scheduled a blackout af-
ter each unreinforced response while Crossman
et al. compared pausing in a component with
a large number of responses and a component
with only two responses separated by a single
blackout. Another possibility is that number
of responses is related to pause length only in
ratio schedules but not in interval schedules.
The present study offers a different alterna-

tive. In Neuringer and Schneider's study, the
average number of responses per interval var-
ied from a minimum of 3 or 4 responses to
a maximum of approximately 19 responses.

Crossman et al. and the present study both
found that there was little or no difference
in pause length when the difference in num-
ber of responses was within this range. How-
ever, both the present study and Crossman
et al. found that pause length did vary with
number of responses if comparisons were made
between response requirements of 25 or more
and 5 or less. These results were obtained with
both interval and ratio schedules and were in-
dependent of the blackout procedures used.
Thus, Neuringer and Schneider's conclusion
may be restricted to realtively short intervals
containing relatively few responses. If longer
intervals containing a larger number of re-
sponses are used, the importance of number
of interreinforcement responses increases and
combines with the IRI in determining the
length of the postreinforcement pause. Thus,
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those theories of Fl responding based on tem-
poral processes (Catania & Reynolds, 1968;
Dews, 1970) represent an incomplete account
of variables determining pause length within
an FI schedule, although responding after this
pause may well be determined by the distribu-
tion of reinforcers in time independent of re-
sponse number. Such a possibility would be
consistent with Schneider's (1969) two-state
analysis of fixed-interval responding. An alter-
native account of pause length in FI schedules
has been suggested by Shull (1971). Shull sug-
gested that the cyclic nature of pause length
in longer FI schedules can be at least partially
accounted for in terms of the period of time
in which responding occurs during the inter-
val. Shull defined the work period as the time
between the first response and reinforcement.
Shull conceded that one could substitute num-
ber of responses for work period without re-
quiring any substantial revision of this analy-
sis. The present study suggests that this
substitution is justified.
One alternative interpretation of the pres-

ent results is that the changes obtained in
pause length were due to changes in blackout
duration rather than to changes in the number
of responses. However, manipulating blackout
duration with the short FI had no effect on
pause length both in the present study and
in Neuringer and Schneider's study. Second,
given increases in the response requirement
with equivalent IRIs, the short blackouts and
larger response requirements are associated
with longer pauses than long blackouts and
smaller response requirements (Alferink,
Nunes, & Crossman, Note 1).

It is also possible that the blackouts rein-
forced responding and the reinforcing func-
tion of the blackout increased with the length
of the interval. For example, Brown and Flory
(1972) have shown that pigeons will respond
to produce blackouts during early portions of
the fixed interval and that the probability of
this behavior changes with the length of this
interval. It is possible that the pause length
was shorter in the Fl 300-sec schedule because
of the increase in the reinforcing function of
the blackout. Such an interpretation is consis-
tent with one result obtained in the present
study that cannot be explained in terms of
differences in response number. Increasing the
duration of the blackout from 10 to 50 sec-
onds on the Fl 300-sec schedule had the effect

of reducing the number of interreinforcement
responses from 20 or less to approximately 6
or less. Yet this change resulted in a consistent
decrease in pause length even though this same
decrease in the number of responses had no
effect on pause length on the Fl 30-sec sched-
ule. It therefore remains to be investigated
whether the effects obtained in the present
study are best explained in terms of changes
in response number or by changes in the func-
tion of the blackout with increases in the Fl.
In any case, it is clear that the results obtained
by Neuringer and Schneider depend on the
length of the FI and that their conclusion that
pause length is not related to the number of
interreinforcement responses is not justified.
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